the present study was undertaken to analyse the genetic variation in coding sequences, splicing sites and regulatory sequences of FABP4, PPARγ and ScD genes in five breeds of sheep raised in Poland with different purposes: meat (Suffolk, Ile de France), dairy/prolific (Olkuska sheep, Kołuda) and primitive breeds (Polish Mountain Sheep). To identify genetic variability HRM-PCR, sequencing and PCR-RFLP method were used. Determining the genetic structure of the mentioned genes revealed six snps: FABP4 -c.73 + 13A>T and c.348 + 85G>A, PPARγ -c.391 -66C>T (c.481 -66C>T) and c.529 + 27G>C (c.619 + 27G>C), ScD -c.*945G>A and c.*1116A>G. For the c.*1116A>G SNP, a potential association with specific sheep body type and breeding purpose was found. In turn, the substitution c.*945G>A located in the regulatory region of the 3'-UTR of the ovis aries ScD gene was identified for the first time. Based on the relationship demonstrated between sheep body constitution and productive type (dairy, meat) and the polymorphism of the ScD gene, further research is needed. The correlation between c.*1116A>G polymorphism and growth rate, slaughter and carcass value as well as meat quality of lambs needs to be studied in more detail. Such studies may lead to more effective selection processes in sheep breeding in the future.
Taking into account present knowledge about the complete genome structure of Ovis aries, work on understanding the impact of breed on the genomic variation of individual genes still needs to be continued (Jiang et al., 2014) .
In processes relating to fatty acid transformation in animal cells, proteins and the genes encoding them are directly or indirectly involved, including fatty acid binding protein 4 (FABP4), peroxisome proliferator-activated receptors gamma (PPARγ), and stearoyl-CoA desaturase (SCD). *Research funded by: DS-3242/KBZ/17. FABPs are intracellular proteins mainly responsible for binding and transporting long-chain fatty acids or related ligands, as well as for preventing damage to the cell structure due to the excessive accumulation of amphipathic fatty acid molecules (Mishkin et al., 1972; Ockner et al., 1972; Hanhoff et al., 2002) . FABP4 is an isoform of the FABP protein family predominantly found in adipocytes and macrophages (Matarese and Bernlohr, 1988; Fu et al., 2000) . FABP4 stimulates the expression of genes governing several metabolic processes as well as cell proliferation and differentiation (Zimmerman and Veerkamp, 2002) . Thus far, all identified polymorphisms of the FABP4 gene in sheep were associated with production traits and meat quality, including mainly the level and composition of adipose tissue (Xu et al., 2011; Ibrahim et al., 2014) .
PPARs are nuclear receptors belonging to the superfamily of steroid receptors and play an important role in regulating of gene transcription in pathways associated with e.g. metabolism or inflammation (Willson et al., 2000) . Moreover, PPARγ receptors assume several important functions in the body. In the brain, PPARγ receptors are involved in differentiating nerve cells, reducing oxidative stress and have a positive effect on memory (Sobrado et al., 2009; Zhao et al., 2011; Barbiero et al., 2014; Pisanu et al., 2014) . In skeletal muscles, PPARs are responsible for the increase in fatty acid oxidation, whereas in the small intestine -for reducing inflammation (Barak et al., 1999; Rosen et al., 1999; Kersten et al., 1999; Koutnikova et al., 2003; Ferre, 2004) . In contrast, they are engaged in adipocyte differentiation, triglyceride synthesis and an increase in insulin sensitivity in the adipose tissue (Tontonoz et al., 1994; Ferre, 2004; Marion-Letellier et al., 2015) . There is a lack of papers identifying genetic variability of PPARγ gene in sheep. In cattle, there were detected few polymorphisms associated with amino acid replacement and meat quality (Fan et al., 2011 (Fan et al., , 2012 . Some relationship between PPARγ polymorphism and MUFA n-3 content in adipose tissue was found (Sevane et al., 2013) .
Stearoyl-CoA desaturase (Δ9-desaturase) is an enzyme [EC 1.14.19 .1] of the oxidoreductases class catalyzing the synthesis of PUFA (polyunsaturated fatty acids). It catalyzes the transformation of saturated acids -palmitic (C16:0) and stearic (C18:0) -into MUFA (monounsaturated fatty acids) palmitoleic acid (C16:1 n-7) and oleic acid (C18:1 n-9), respectively. Stearoyl-CoA desaturase is also needed in the synthesis of conjugated linoleic acid (the cis-9, trans-11 isomer of CLA) from oleic acid (trans-11 C18:1) (Enoch et al., 1976; Corl et al., 2001) . Changes in the activity of the SCD protein can be caused by several factors such as a poorly balanced diet, liver disease or hormonal balance disruptions and result in an increase or decrease in liver MUFA content (Ntambi et al., 2004; Karahashi et al., 2013) . In addition, SCD is involved in the formation of triacylglycerols, regulation of insulin sensitivity, and processes relating to ER stress or VLDL secretion (Dixon et al., 1991; Legrand et al., 1997; Miyazaki et al., 2000; Gutiérrez-Juárez et al., 2006; Wei et al., 2006; Cao et al., 2008; Wei et al., 2009; Ariyama et al., 2010) . The few studies performed so far on the genetic variability of the SCD gene of sheep suggest that mutations of this gene are responsible for the fatty acid profile in the milk of these animals (Bernard et al., 2001; García-Fernández et al., 2009) .
The aim of this study was to investigate the genetic variability in the regions of coding and regulatory sequences and splice sites of the FABP4, PPARγ and SCD genes in five Polish sheep breeds raised for various purposes. Meat breeds of sheep, such as Suffolk and Ile de France, have a strong body constitution including high muscle mass and high body fat content. These imported breeds have superior meat quality and lambs are characterized by a fast growth rate. Body weight should be at least 100-125 kg for rams and 60-80 kg for ewes of Ile de France. Body weight for Suffolk rams and ewes is 110-130 kg and 65-90 kg, respectively. The primitive, triple-purpose Polish Mountain Sheep breed is bred in the mountains and foothills of the Polish Carpathians; these animals are finely built, with weak musculature and low body fat. Body weight should be at least 50-60 kg for rams and 45-55 kg for ewes. Two dairy/prolific breeds -the Kołuda and Olkuska sheep breeds, with a mixed body composition, were also chosen for the experiment. They are two native Polish breeds characterized by high fertility -200%. Body weight should be at least 80-100 kg for rams and 60-75 kg for ewes of Kołuda, and about 50-60 kg for rams and ewes of Olkuska sheep. (Niżnikowski, 2011) .
Material and methods

experimental animals
One hundred and fifty unrelated animals (ewes) aged 2-3 years, belonging to five breeds of various types: Kołuda sheep, the prolific dairy Olkuska sheep, Polish Mountain Sheep, Ile de France and Suffolk (n for each breed = 30) were selected for the study. The animals were kept at the Experimental Station of the Department of Animal Biotechnology of the University of Agriculture in Kraków and at private sheep farms in southern and central Poland.
sample and dna sources
Peripheral blood (5 ml) was collected from the external jugular vein into tubes with K 3 EDTA anticoagulant (Sarstead, Stare Babice, Poland). Genomic DNA isolation was performed using the MasterPure™ DNA Purification Kit for Blood Version II (Epicentre, an Illumina Company, Madison, USA). The quality of the isolates was estimated by electrophoresis with 1% agarose gel using the Agarose BioReagent, for molecular biology, low EEO (Sigma Aldrich, Saint Louis, Missouri, USA) and a 0.5 × TBE (Tris-borate-EDTA) buffer; the Mupid-One™ Complete Agarose Gel Electrophoresis System (Abo, Gdańsk, Poland) was employed. The quality was also assessed spectrophotometrically using the NanoDrop 2000c by Thermo Fisher Scientific (Waltham, Massachusetts, USA).
high resolution melting polymerase chain reaction analysis
Analysis of genetic variability in the studied loci was performed with HRM-PCR (high resolution melting polymerase chain reaction) analysis method using the KAPA HRM FAST PCR Kit (Kapa Biosystems, Wilmington, Massachusetts, USA). The analysis was performed for 18 exons of the FABP4, PPARγ and SCD genes. For the reaction, 23 pairs of primers were designed using the Primer3plus program (http://primer3plus.com/) ( Table 1 ). The primers were designed based on gene sequences found in the National Center for Biotechnology Information database (NCBI, http://www.ncbi.nlm.nih.gov/): NC_019466.2 (FABP4), NC_019476.2 (PPARγ), FJ513370.1 (SCD). HRM-PCR was performed for each of the 23 designed fragments according to the developed protocols on 50 randomly selected individuals (10 ewes per breed) using the Real-Time PCR System Eco™ (Illumina Company, Madison, USA). The samples for which the resulting melt curves differed as well as controls for the detected polymorphic sites were sequenced. For this purpose, 13 primer pairs were designed using the Primer3plus program (http://primer3plus.com/) ( Table 2) . Sequential PCR amplifications were performed for both the forward and the reverse primers from each primer pair (Table 2) using the BigDye® XTerminator™ kit (Applied Biosystems, Thermo Fisher Scientific, Waltham, Massachusetts, USA) according to the manufacturer's protocol.
The obtained PCRseq reaction products were purified with the use of the Big-Dye® XTerminator™ Purification Kit (Applied Biosystems, Thermo Fisher Scientific, Waltham, Massachusetts, USA) as recommended by the manufacturer and sequenced using the ABI 3130 XL device (Applied Biosystems, Thermo Fisher Scientific, Waltham, Massachusetts, USA). Analysis of the obtained sequences was performed using the FinchTV chromatogram viewer (Geospiza, Seattle, USA). 
PCR-restriction fragment length polymorphism (PCR-RFLP)
The PCR-RFLP method was used for the genotyping of identified mutations in the entire population of experimental animals. To identify individual polymorphic changes by RFLP, the restriction enzymes BccI, HpHI, HpyCH4III, HpyCH4V, RsaI (Thermo Fisher Scientific, Waltham, Massachusetts, USA) were selected using the NEBcutter V2.0 program (New England Biolabs, Ipswich, Massachusetts, USA). Table 3 contains information on the restriction enzymes used in the PCR-RFLP reaction. 
After PCR-RFLP, electrophoretic separation (120 V, 120 min) of the digested fragments was performed with 3.5% agarose gel using the Agarose BioReagent, for molecular biology, low EEO (Sigma Aldrich, Saint Louis, Missouri, USA) and the marker Gene Ruler 50 bp DNA Ladder #SM0371 (Fermentas, Thermo Fisher Scientific, Waltham, Massachusetts, USA). statistical analysis POPGENE software (Yeh and Boyle, 1997) was used to analyse the allele and genotype frequency and differences between breeds for each of the identified mutations. The chi-square conformity test (Pearson's test) was applied to verify whether each of the examined sheep breed populations was in Hardy-Weinberg equilibrium in the analysed loci, using Statistica ver. 10 (StatSoft Inc., Tulsa, USA).
results
Six SNPs were identified in the regions of coding and regulatory sequences and splice sites of the FABP4, PPARγ and SCD genes where the possible connection between the c.*1116A>G polymorphism and sheep body and usage type was shown.
The screening for polymorphism in the FABP4 gene by the HRM method revealed the presence of four polymorphic sites in the regions of fragments limited by the primers: FABP4-1, FABP4-2, FABP4-3, FABP4-4. The sequencing of PCR fragments of the FABP4 gene selected in the HRM reaction and representing different polymorphic variants and their comparison with the sequences found in the NCBI database allowed us to identify the mutations c.73 + 13A>T (g.57540957T>A, rs404716304) and c.348 + 85G>A (g.57536954C>T, rs422473198). The transition c.73 + 13A>T was in intron 1. Following digestion with the HpyCH4V enzyme, 3 genotypes were identified: AA, TT and AT (Figure 1 ). The frequency of alleles and of genotypes for each studied breed is shown in Table 4 . The presence of the c.73 + 13A>T mutation was demonstrated in all sheep breeds tested, except for the Ile de France meat breed. The highest frequency of the T allele (0.47) was found in the Suffolk breed; TT homozygotes were identified for this breed only, constituting as much as 22% of the total population. At the same time, the Suffolk breed was also found to have a high frequency of the AT genotype (0.50). In the other breeds, a high frequency of the A allele was observed. Higher frequencies of the AA homozygotes in the examined locus -in comparison to those noted for the Suffolk and Polish Mountain Sheep breeds -were found in the breeds with mixed meat/dairy body constitution (P<0.01). The studied breed populations were shown to be in Hardy-Weinberg equilibrium (HWE) in the analysed locus. A substitution in intron 3 of the FABP4 gene -namely c.348 + 85G>A (g.57536954C>T, rs422473198) -was identified with the use of the HpHI restriction enzyme. The image of the genotypes for the c.348 + 85G>A mutation is shown in Figure 2 . Table 5 shows the frequencies of individual alleles and genotypes for each of the sheep breeds. The mutation c.348 + 85G>A was identified in Kołuda and Olkuska ewes, as well as in the Polish Mountain Sheep and Suffolk breeds. The Ile de France meat breed turned out to be monomorphic, i.e. all ewes were of the GG genotype. In contrast, the GG and GA genotypes were identified in the Kołuda and Olkuska sheep breeds. A high frequency of the G allele was observed in all breeds, and a 48% share of the A allele was recorded for Suffolk ewes only. In animals of the Suffolk and Polish Mountain Sheep breeds, heterozygote frequency was 50% and 30% respectively, with the frequency of AA homozygotes recorded at 23% and 3% respectively. With respect to the tested locus, the Polish Mountain Sheep population demonstrated statistical significance for departure from the HWE equilibrium. The HRM reaction conducted in eight fragments of the PPARγ gene showed the existence of five polymorphic sites in which only two substitutions were confirmed in the sequencing reaction. The g.56587277G>A (rs414209574) mutation identified in intron 3 was also described as c.391-66C>T for the PPARG-201 transcript and as c.481-66C>T for the PPARG-202 transcript. When identifying polymorphic changes in the five sheep breeds using the BccI restriction enzyme, the fragment (PPARγ-V) of 608 bp was digested into two fragments, 181 and 427 bp respectively, for CC homozygous individuals (Figure 3) . In contrast, the substitution in the C>T sequence resulted in the loss of the restriction site for this enzyme, thus, after electrophoretic separation, giving a single, non-digested product (608 bp) for TT genotype animals. The allele and genotype distribution identified in individual breeds for the c.391-66C> T (c.481-66C> T) mutation are shown in Table 6 . All sheep breeds showed a high frequency of the T allele. The C allele was present with a high frequency (0.35) in the Ile de France ewes; the presence of CC homozygotes (12%) and a high frequency of heterozygotes (46%). Only individuals with the TT genotype have been observed in the Kołuda and Olkuska sheep breeds. The populations of Ile de France, Polish Mountain Sheep and Suffolk sheep were in Hardy-Weinberg equilibrium in the locus c.391-66C>T. The mutation identified in the PPARγ gene: g.56587046C>G (PPARG-201c.529 + 27G>C, PPARG-202 c.619 + 27G>C, rs408428244) is the guanine transversion to cytosine in intron 4. The electrophoregram of genotypes identified with the use of the HpyCH4III enzyme is presented in Figure 4 . Table 7 shows the allele frequencies for the mutation c.529 + 27G>C (c.619 + 27G>C) in the PPARγ gene. A high frequency of the C allele was identified in all breeds. The Kołuda and Olkuska sheep breeds turned out to be monomorphic (CC genotype). All three genotypes were found only in the Ile de France breed, in which the frequency of the G allele was shown at 35%. The highest frequency of GC heterozygotes -46% -was noted for the same breed, while the lowest frequency was recorded in Suffolk ewes, the other meat breed studied (4%). The populations of Ile de France, Suffolk and Polish Mountain Sheep ewes were in genetic Hardy-Weinberg equilibrium in the studied locus. In the case of the SCD gene, the presence of the transition c.*945G>A (g.20442503C>T) identified in the 3'-UTR region was tested with the BccI enzyme ( Figure 5 ). As a result of the performed analysis, only one individual with the genotype GA (a heterozygote) was identified. No AA genotype animals were found among the studied breeds. The distribution of individual alleles and genotypes is shown in Table 8 . In the 3'UTR region of the SDC, the mutation c.*1116A>G was identified (g.2044274A>G, rs428791781). The RsaI enzyme was used to detect mutations in the animals ( Figure 6 ). The frequency of individual alleles and genotypes for the studied breed populations is shown in Table 9 . In meat-purpose breeds, i.e. Ile de France and Suffolk, a high frequency of the G allele -0.70 and 0.68 respectively -was recorded. High frequencies of the A allele were found in the case of Olkuska sheep (0.90) and Polish Mountain Sheep (0.85) breeds. In meat breeds and in the Kołuda sheep all three possible genotypes were identified. The frequency of the GG genotype in the Suffolk and Ile de France breeds was, respectively, 0.46 (P<0.01) and 0.49 (P<0.01), while for the Kołuda breed it was 0.22 (P<0.01). The populations of the individual breeds studied were in Hardy-Weinberg equilibrium in the analysed locus. The presence of the identified c.73 + 13A>T polymorphism was also noted for Moroccan sheep -as SNP g.57540957T>A -in the framework of the NextGen project, which aimed to study the biodiversity of livestock (cattle, sheep and goats) (http://projects.ensembl.org/nextgen/). The study performed on 160 individuals of Moroccan sheep also confirmed a high frequency of the A allele (0.93) -the same characteristic found in the breeds studied in Poland. Researchers involved in the NextGen project found a high frequency of wild-type AA homozygotes (0.86) and a very low share of TT homozygotes with the mutation (0.01). The results presented in this study show a similar allele distribution. However, compared to Moroccan sheep, a lower frequency of the AA genotype (0.74) and a higher incidence of AT individuals (0.24) were noted. The frequency of wild-type homozygotes and heterozygotes in the Suffolk breed, in which all three genotypes were observed, differed markedly from the frequency of these genotypes reported for the studied Moroccan sheep breed.
The polymorphism c.348 + 85G>A (g.57536954C>T) identified in the studied breeds in the FABP4 gene has also been demonstrated in Moroccan sheep as part of the NextGen project (http://projects.ensembl.org/nextgen/). The NextGen project researchers found a high frequency of the G allele (0.93) and the GG genotype (0.86), with a very low frequency of the AA genotype (0.01). In comparison, for the sheep population analysed in the presented Polish study, a lower frequency of the G allele (0.85) as well as of the wild-type GG homozygotes (0.72) were observed, together with a higher frequency of the GA genotype (0.26). The presence of all three genotypes was demonstrated for the Polish Mountain Sheep and Suffolk breeds. However, the recorded genotype frequencies differed from those found in Moroccan sheep of the NextGen project.
Variation in the FABP4 gene in the sheep genome has not been given sufficient attention thus far, and the influence of polymorphism on quantitative traits has also not been analysed. One of the few described mutations is the substitution in intron 1 described as 209A>G, which determines the quality of lamb meat in the Han, Tan and Inner Mongolia sheep breeds. Meat from individuals with the AA genotype is characterized by lower intramuscular fat content and better tenderness and marbling parameters (Xu et al., 2011) . In introns 2 and 3, and exons 2 and 3, Yan et al. (2012) found eight mutations and identified 14 haplotypes occurring in animals belonging to eight different sheep breeds (Yan et al., 2012) . Also, the analysis of genetic variability in two fragments of the FABP4 encoding gene in Barki sheep allowed the identification of the presence of two alleles (A 1 , A 2 ) and three genotypes in the regions of exon 2 and intron 2, and four alleles (B 1 , B 2 , B 3 , B 4 ) forming eight genotypes in the regions of exon 3 and intron 3. It was shown that the genotypes defined for the first examined fragment affect meat pH and percentage share of shoulder in the lamb carcass. In contrast, the genotypes identified for the fragment in the region of exon 3 and intron 3 impacted the values of such parameters as body mass, percentage share of fat and meat in the lamb carcass (Ibrahim et al., 2014) .
In the non-coding regions of the PPARγ gene, two mutations were identified: c.391 -66C>T (c.481 -66C>T) in intron 3 and c.529 + 27G>C (c.619 + 27G>C) in intron 4. It should be emphasized that despite the frequency of the T and C alleles recorded in the experiment presented here (at loci c.391 -66C>T and c.529 + 27G>C), pointing to them as being wild-type alleles, both polymorphisms referred to in this paper are in accordance with the nomenclature of the NCBI database (Next-Gen project).
The mutations identified in the PPARγ gene sequence in domestic breeds have so far been identified only in a small population of Iranian and Moroccan sheep. Work on understanding the sheep genome as part of the NextGen project (http://projects. ensembl.org/nextgen/) showed that the population of Iranian sheep was monomorphic (TT genotype) in the c.391 -66C>T locus. In the case of Moroccan sheep, the T allele occurred at a frequency of 0.93. The highest incidence was shown for TT homozygotes (0.86) and the lowest for the CC genotype (0.01). In our studies, the presence of only TT homozygotes was found in ewes of the prolific dairy breeds with mixed dairy/meat body constitutions -Kołuda and Olkuska sheep. All three genotypes were identified only in the population of the Ile de France meat breed. However, it was found that in this breed, the allele and genotype distribution differed from those recorded for Moroccan sheep. For the other breeds studied as part of our research in Poland, the frequency of alleles and genotypes was similar to those reported in Moroccan sheep.
In the case of the polymorphism c.529 + 27G>C (c.619 + 27G>C), a similarity can be observed between allele and genotype frequency in the breeds raised in Poland and the results obtained in Moroccan sheep under the NextGen project. In the case of breeds of the mixed dairy/meat body constitution -Kołuda and Olkuska sheep -similarly as for Iranian sheep, only the CC genotype was identified. In Moroccan sheep, a higher frequency was recorded for the C allele (0.93), and the CC (0.86) and GC (0.13) genotypes. It should be stressed that all three genotypes were present only in ewes of the Ile de France meat breed (strong, muscular physique with high fat content), but the distribution of alleles and genotypes differed from that reported for Moroccan sheep.
The analysis of variability in the SCD gene structure of Polish sheep breeds allowed us to identify two mutations: c.*945G>A (g.20442503C>T) and c.*1116A>G (g.2044274A>G).
The mutation c.*945G>A is a SNP at position 2218 in the 5'-UTR region. It is a mutation whose presence has been demonstrated and confirmed in Ovis aries for the very first time, although it should be noted that the GA heterozygous genotype was identified only in one animal of the Suffolk meat breed. The frequency of the G allele among the experimental animals was 0.99.
The distribution of genotypes for the locus c.*1116A>G identified in our own studies for all five breeds tested in Poland was similar to that obtained for the Iranian and Moroccan sheep of the NextGen project (http://projects.ensembl.org/nextgen/). Project researchers found the presence of three genotypes, with the highest frequencies recorded for the AA (0.55 for Iranian and 0.29 for Moroccan sheep) and AG (0.30 and 0.52) genotypes; the A allele frequency was 0.70 and 0.55 respectively for these breeds.
Analysis of the coding sequence of the SCD gene in meat breeds (Berrichon du Cher, Ojalada), dairy (Assaf, Castellana, Churra, Lacaune) and primitive (Ossimi, Rahmani) sheep breeds from Spain, France, Israel and Egypt did not demonstrate the presence of mutations (García-Fernández et al., 2009 ). Lack of changes in the coding region sequence may suggest that the fatty acid profile in sheep is dependent on mutations occurring at the binding sites of elements regulating the expression of stearoyl-CoA desaturase. The polymorphisms detected in sheep in the 3'-UTR region may serve as confirmation of this assumption (Bernard et al., 2001; García-Fernández et al., 2009) . Four SNPs were identified in the non-coding region of SCD in sheep: g.31C>A (SCD01) in the promoter region, g.1473A>G (SCD02) and g.2011T>C (SCD03) in intron 2 and g.2893G>A (SCD04) in intron 3. In testing performed on eight sheep breeds, it was shown that the greatest variation occurs in the case of the SCD01 mutation. Greater genetic diversity was observed for dairy breeds compared to meat breeds. Due to the fact that this mutation is more common in dairy breeds, it is assumed that it affects the content and profile of fatty acids in milk, and may also affect lipid synthesis in the mammary gland. It has also been shown that the g.31C>A mutation (SCD01) may affect regulatory elements in desaturase expression (García-Fernández et al., 2009) .
In our opinion, only for SNP c.*1116A>G in SCD gene, the probable relationship between polymorphism and the sheep usage type exist. The high frequency of the G allele in meat breed ewes in comparison to prolific dairy and primitive breeds may affect slaughter value parameters and is associated with sheep body shape (breeding purpose -meat vs. dairy). Additional studies should be carried out to confirm the effect of this mutation on meat quality traits in Suffolk and the Ile de France breeds. Demonstration of the possible influence of the c.*1116A>G polymorphism on growth rate, slaughter value parameters and quality of lamb meat may serve to justify the selection of farm animals by considering the desired genotype in the examined locus.
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